A methanol extract of Rubus idaeus leaves had a relaxant activity on transmurally stimulated Guinea pig ileum preparations in vitro. The extract, when fractionated by column chromatography, yielded two distinct bands with pharmacological activity. After extensive column and preparative TLC separation, several compounds with smooth muscle relaxant properties were obtained. From band two, three triterpenoid glycosides were characterized, which had significant muscle relaxant activity. From spectroscopic and spectrometric data, these were identified as 3β-(O-β-D-glucopyranosyl)-olean-12-ene-1α, 2α, 3β-triol (TG1); 28-(O-β-D-glucopyranosyl)-urs-12-ene-2α, 3β, 19α-trihydroxy-28-oic acid (TG2); and 3β-(O-β-D-glucopyranosyl)-olean-12-ene-1α, 2α, 3β-trihydroxy-28-oic acid (TG3). To the best of our knowledge, TG1 and TG3 are novel compounds. Rubus species, including R. idaeus (raspberry), have been employed for hundreds of years for several different medicinal purposes. These, and the compounds isolated from the various species, have recently been reviewed by Patel et al [1].
It has been demonstrated from in vitro studies that the methanol extract of the leaves of R. idaeus has a relaxant effect on transmurally stimulated Guinea pig ileum. We showed that on column chromatographic fractionation of this extract, two distinct bands of activity were separated [2] . From band one, sitosterol and eight triterpenoids were isolated, of which only olean-18-ene-1β,2α,3α-triol demonstrated significant smooth muscle relaxant activity [3] . We have also shown that band two contains a number of compounds with similar activity, three of which are triterpenoid glycosides, the isolation and characterization of which are described in this communication.
R. idaeus leaves were initially extracted with nhexane to remove non-polar substances, which were demonstrated to lack muscle relaxant activity. The leaves were then extracted with methanol. After concentration of this extract, it was further fractionated by column chromatography and the fractions were tested for muscle relaxant properties. Fractions eluted with chloroform-methanol 95:5 and 94:6 (band one), and chloroform-methanol 70:30 and 50:50 (band two) demonstrated significant muscle relaxant properties, the second band appearing to contain the main bulk of activity.
TLC examination of the different eluted fractions showed that those with the relaxant activity were still impure. However, extensive column chromatography, followed by preparative TLC resulted in the isolation of eight compounds from band one and nine from band two. We have previously reported the compounds isolated from band one [3] .
Of the nine compounds isolated from band two, three were triterpenoid glycosides and the elucidation of their structures is described below. 4 Hz) . The coupling constants extracted showed that the OH/OR groups were positioned on three adjacent carbons, with the CHOH responsible for the signal at δ 3.51 being on the carbon atom located between those to which the OR group and the other OH group were attached. The values of the vicinal coupling constants (5.3 and 11.4 Hz) also gave the relative orientation of the OH/OR groups shown in 1.
The
13 C NMR spectrum of TG1 (Table 1) showed a total of 36 carbon signals between δ 12.3-142.0, indicative of a terpenoid linked to a sugar molecule. The alkene carbonyl showed a resonance at δ 122.3 and the corresponding other carbon at δ 142.0. The combined 1 H and 13 C NMR data suggested that the terpenoid portion of the compound was based on olean-12-ene, after comparison with examples of similar compounds [4] . The signals for the monosaccharide were attributed to the four carbinyl resonances between δ 72.3-77.9, the methylene carbon signal at δ 61.4, and the anomeric carbon resonance at δ 105.2. By comparison with literature values for various methyl hexoses [5] [6] [7] , the sugar was concluded to be glucose. After accounting for those of the sugar residue, three CHOH/CHOR signals were observed in the 13 C NMR spectrum of TG1, at δ 70.9, 74.9 and 83.3, indicating and confirming the presence of three OH/OR groups on a terpenoid structure. Evidence for the location of the OH/OR groups on ring A was found in the mass spectrum, with the ion at m/z 218 (M + -402, C 20 H 34 O 8 , ring A/B, intensity 20%). From the spectroscopic and spectrometric information obtained and comparison of this with literature data [8, 9] , it was concluded that TG1 was 3β-(O-β-D-glucopyranosyl)-olean-12-ene-1α, 2α, 3β-triol. Examination of the 13 C NMR spectrum (Table 1) showed 72 chemical shifts relating to a mixture of two triterpenoid compounds, along with two monosaccharide residues. The carbinyl alkene shifts for these two terpenoid compounds were observed at δ 124.7 and 129.0, and their corresponding quaternary carbons at δ 139.0 and 144.3, respectively. The differences in these chemical shifts are indicative of one of the triterpenoid compounds being based on olean-12-ene, and the other on urs-12-ene [4] . Eight carbinyl signals between δ 70.9-78.6, two methylene carbon signals at δ 62.4 and 64.3, and the anomeric carbon resonances at δ 95.7 and 101.0 suggested the presence of two monosaccharide residues. Comparison of these CHOH signals with reported values showed both monosaccharides to be glucose [5] [6] [7] .
As the isolated material was a mixture of two compounds in the ratio of three to two, the possibility of the compounds having one molecule of glucose each was considered. One of the anomeric signals was observed in the 13 C NMR spectrum at δ 95.7, suggesting that one of the glucose residues was linked to a carboxylic acid group. Signals for the anomeric carbon of monosaccharides linked to a carboxylic acid group are expected between the range δ 93-98 [5] [6] [7] . A signal for carboxylic acid carbonyl carbon was also observed at δ 178.8. In the 1 H NMR spectrum, one downfield signal relating to a carboxylic acid proton was observed at δ 7.84. Furthermore, MS fragments observed at m/z 418 (464-COOH, intensity 40%) and at m/z 218 (262-CO 2 , intensity 18%) showed the loss of carboxylic acid and carboxylate ions. This confirmed that one carboxylic acid is involved in linkage, while the other one is free.
In the 13 C NMR spectrum, a number of chemical shifts were observed to have relatively larger intensities than many of the others. Those of the alkene at δ 129.0 and 139.0 had relatively large intensity and this suggested that the terpenoid molecule based on urs-12-ene was the most abundant compound. The assignment of a signal associated with this compound at δ 73.3 (C-OH group), on comparison with literature data [4] , was restricted to one of C-5, C-18, C-19 and C-20 on an urs-12-ene. It was possible to narrow this down further to either C-19 or C-20 after consideration of the methine signal at δ 42.7. No signals were observed between δ 39-40, the expected range for both C-19 and C-20 in urs-12-enes lacking substitution in ring E. The signal at δ 42.7 is relatively downfield (+ 3.1 ppm) and could arise after substitution of a hydroxy to the group [10] . Hydroxy substitution on C-20 would be axial and the chemical shift would be expected to be relatively upfield [10] compared to the observed value (δ 73.3). Examples of triterpenes with C-19 equatorial substitution [11] [12] [13] , compared well with the observed chemical shifts for the isolated material. Furthermore, the β effect extracted for C-20 is reasonable for an equatorial hydroxyl group [10] .
Two of the CHOH signals in the 13 C NMR spectrum at δ 69. 6 , showing the presence of two hydroxy groups on rings A/B. The most likely position of these hydroxy groups is on ring A at C-2 and C-3. The relative orientation of the OH groups was determined by consideration of the viscinal coupling constants, which showed that the OH groups have equatorial orientations. Based on standard triterpene structures, these would then be expected to be located at C-2α and C-3β. Comparisons were carried out with the chemical shifts of related compounds [11] [12] [13] and it was possible to conclude that the major component of the isolated mixture (TG2) was 28-(O-β-Dglucopyranosyl)-urs-12-ene-2α, 3β, 19α-trihydroxy-28-oic acid (tormentic acid ester glucoside), which has been reported previously for Rubus pinfaensis [14] and Aphloia theiformis [12] .
The remaining chemical shifts (lower intensity) observed in the 13 C NMR spectrum (Table 2) [8, 9] made it possible to conclude that the second compound present in the isolated mixture (TG3) was 3β-(O-β-Dglucopyranosyl)-olean-12-ene-1α, 2α, 3β-trihydroxy-28-oic acid. Several triterpenoid glycosides have been reported for Rubus species [1] , but TG1 and TG3 are, to our knowledge, novel compounds.
The isolated compounds were tested for pharmacological activity using transmurally stimulated Guinea pig ileum preparations in vitro. TG1, and the mixture of TG2 and TG3 displayed significant activity. The fractions containing the biologically active compounds were combined and subjected to column chromatographic separation (55 x 2.5 cm) using silica gel (230-400 mesh) and eluting with CHCl 3 (1 L), CHCl 3 -MeOH (98:2, 400 mL; 96:4, 400 mL; 94:6, 400 mL; 92:8, 400 mL; 90:10 500 mL; 88:12, 400 mL; 86:14, 400 mL; 85:15, 200 mL; 80:20, 500 mL; 70:30, 400 mL; 50:50, 400 mL), and MeOH (300 mL). Biological activity was detected in Thin layer chromatography (TLC): TLC analysis was carried out on all the fractions eluted from the various columns listed above, and also on the various fractions from preparative TLC. Oven dried (100 o C for 30 min) silica gel 60 F 254 (Merck, UK) layers, 250 μm thick were utilized and different mixtures of n-hexane, CHCl 3 , EtOAc and MeOH were used, depending on the polarity of the compounds to be analyzed. The separated compounds were located by spraying the plates with ρ-anisaldehyde reagent and heating in an oven at 80 o C for 10 min.
Preparative TLC: The semi-purified fractions of band 2 obtained from the final silica gel column were purified further by preparative TLC, using oven-dried (100 o C for 30 min) silica gel 60 F 254 (Merck, UK) layers, 500 μm thick, and double development with CHCl 3 -MeOH 80:20. One edge of each chromatogram was sprayed with p-anisaldehyde reagent and heated at 80 o C for 10 min. to identify the separated compounds. The area of the chromatogram corresponding to each separated band was scraped off, and the compounds it contained were extracted in either CHCl 3 or MeOH. In this way, TG1, and a mixture of TG2 and TG3 were obtained.
Chemical characterization:
Melting points (uncorrected) were determined using a hot stage microscope (Regulac Variable Transformer RB 200/40 MT). Infrared spectra (KBr) were measured using a Perkin Elmer Paragon 1000 FT-IR spectrometer.
1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded in either CDCl 3 or CD 3 OD, depending on the solubility characteristics of the compound, using a Jeol Eclipe 400 MHz instrument. Chemical shifts were measured in ppm, against a solution of tetramethylsilane as internal standard. FAB MS were recorded using a Jeol DX-303 spectrometer with a post acceleration detector, coupled to a DA 5000 data system. The samples were applied in glycerol/thioglycerol/trifluoroacetic acid (1: 1: 0.1 v/v) and 99.999% xenon (Cambrian) was used as the bombardment gas.
Muscle relaxant activity:
The procedure using transmurally stimulated Guinea pig ileum preparations in vitro was that described by us previously [2] . 
